A b s t r a c t . -The Mcssbauer measurements of s i n g l e c r y s t a l s of some f e r r i c compounds have been done i n t h e p r e s e n c e of a s m a l l e x t e r n a l m a g n e t i c f i e l d p e r p e n d i c u l a r t o y-rays a t t h e l i q u i d He temperature. For h i g h s p i n compounds, metMb and MbF, i s o t r o p i c A-tensors have been o b t a i n e d . For low s p i n MbN,, t h e a x i s o f t h e l a r g e s t p r i n c i p a l component of t h e EFG l i e s n e a r l y i n t h e heme p l a n e and forms an a n g l e of 32' w i t h one o f f o u r Fe-N d i r e c t i o n s , which corresponds t o t h e r e s u l t s of EPR e x p e r i m e n t s o f s i n g l e c r y s t a l MbN,.
I . I n t r o d u c t i o n . -During t h e p a s t y e a r s a l a r g e numb e r of e x p e r i m e n t a l and t h e o r e t i c a l papers have been p u b l i s h e d concerning t h e d e t e r m i n a t i o n of t h e e l e ct r o n i c s t r u c t u r e of t h e i r o n i n v a r i o u s f e r r i c hemop r o t e i n s . The a n a l y s e s of e l e c t r o n paramagnetic re%-nance (EPR) /I-3/, magnetic s u s c e p t i b i l i t i e s / 4 / and paramagnetic a n i s o t r o p y measurements /5/ have provided d e t a i l e d knowledge of t h e e l e c t r o n i c s t r u c t u r e s of h i g h s p i n and low s p i n i o n s . Mossbauer s t u d i e s of hemoproteins have been done w i t h t h e i r s o l u t i o n o r p o l y c r y s t a l l i n e samples f o r one decade o r s o /6-101.
We p r e s e n t M6ssbauer measurements of s i n g l e c r y s t a l s of some f e r r i c Mb compounds i n t h e p r e s e n c e of a s m a l l e x t e r n a l magnetic f i e l d a t t h e l i q u i d He t e m p e r a t u r e , which c o n t a i n h i g h s p i n f e r r i c m e t m and MbF and low s p i n f e r r i c XbN . The z e r o f i e l d s p e c t r a of f e r r i c heme compounds a r e complicated by s p i n r e l a x a t i o n and t h e l a r g e amount of s p i n t r a n s f e r t o l i g a n d s /6-lo/. I n a p p l i e d f i e l d s a t 4 . 2 K, howe v e r , well-resolved paramagnetic h y p e r f i n e s p e c t r a were observed. W e used t h e s p i n Hamiltonian formalism t o a n a l y s e t h e I 6 s s b a u e r s p e c t r a of t h e h i g h s p i n compounds. For t h e low s p i n compound, t h e M k b a u e r p a r a m e t e r s and t h e o r i e n t a t i o n s of t h e EFG p r i n c i p a l axes and e f f e c t i v e magnetic f i e l d , r e l a t i v e t o t h e c r y s t a l a x e s , have been determined by a computer a n a l y s i s of t h e s e s p e c t r a .
2. Experimental.-S i n g l e c r y s t a l s of 90 % 5 7~e -e n r i c h e d metMb were p r e p a r e d from sperm whale s k e l et a l muscle and were grown t o a s i z e 1 x 1~2 mm o r l a rg e r f o r I month i n 75 % s a t u r a t e d ammonium s u l f a t e s o l u t i o n c o n t a i n i n g 0.2 M phosphate b u f f e r , pH 6.8 a t 2 0 '~. C r y s t a l l o g r a p h i c a n a l y s i s b e i n g performed, t h e c r y s t a l s belonged t o a m o n o c l i n i c system, P21, 0 w i t h l a t t i c e c o n s t a n t s , a = 64.6 i.
which were i d e n t i c a l w i t h t h o s e of t y p e A c r y s t a l r e p o r t e d b y Kendrew and P a r r i s h / I ] / .
S i n g l e c r y s t a l samples of WbF and MbN3 were p r e p a r e d by p u t t i n g c r y s t a l s of metMb i n t o 0.1 MNaF and NaN, s o l u t i o n r e s p e c t i v e l y , c o n t a i n i n g 75 % sat u r a t e d ammonium s u l f a t e and 0.2 M phosphate b u f f e r pH 6.8 f o r a few days. The c r y s t a l was v i s u a l l y a l igned on a l u c i t e p l a t e w i t h a s m a l l l e a d c o l l i m a t o r .
The magnetic f i e l d was a p p l i e d a l o n g t h e c r y s t a l l og r a p h i c a , b o r c a x i s , because i n t h i s geometry t h e two Fe s i t e s of t h e m o n o c l i n i c s u b s t a n c e a r e e x p e c t e d t o show i d e n t i c a l s p e c t r a . The Mossbauer s p e c t r a were measured a t l i q u i d He t e m p e r a t u r e w i t h a s m a l l m a g n e t i c f i e l d (0.6 kG) p e r p e n d i c u l a r t o y-rays.
3. R e s u l t s and d i s c u s s i o n s . -3.1. liigh_-geig-c~pounds (metMb .agd_-gF_).-The ?16ss-b a u e r s p e c t r a of metMb a r e g i v e n i n t h e f i g u r e 1 ( l e f t ) . For h i g h s p i n compounds, we a n a l y s e d t h e e l e c t r o n i c s t r u c t u r e w i t h t h e f o l l o w i n g s p i n Hamilt o n i a n , H=D(s:-s(s+I)/~) + 2BeH. S + P~: -I ( I + I ) /~ W e set up a n xyz c o o r d i n a t e system f i x e d on each of t h e two heme groups w i t h d i f f e r e n t o r i e n t a t i o n s , where x and y a x e s a r e i n t h e heme p l a n e and z a x i s
i s p e r p e n d i c u l a r t o t h e heme plane. We used D v a l u e s from t h e r e s u l t s of magnetic s u s c e p t i b i l i t y of t h e s e
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t h e n w i l l r e s u l t from a computer f i t t o t h e measured i n t e n s i t i e s . The EFG p r i n c i p a l a x e s i n t h e c r y s t a l

t e d t h a t t h e i n t e r a c t i o n s which produce nonz e r o D might a l s o reduce A-tensor t o a x i a l symmetry and t h a t A, i s about 13 % less t h a n A Z , which i s e s t i m a t e d by t h e v a l u e o f t h e quadrupole s p l i t t i n g of metMb. Our s i n g l e c r y s t a l measurements w i t h t h e magnetic f i e l d a p p l i e d a l o n g t h e a a x i s d i d n o t show
t h e a n i s o t r o p y of A-tensor.
& g~-g p i n compound (MbN2) . -For t h i s compound, t h e MGssbauer e x p e r i m e n t a l s p e c t r a a r e shown i n t h e f i g u r e ( r i g h t ) . The Mijssbauer e f f e c t p a r a m e t e r s have been determined by t h e p o s i t i o n s and t h e l i n e i n t e ns i t i e s of t h e s p e c t r a 112,131. The Hamiltonian of
t h e h y p e r f i n e i n t e r a c t i o n w r i t t e n i n t h e p r i n c i p a l a x e s system of t h e EFG i s :
where I Vzz I 2 I Vyy I ) I Vn I and 0 5 Q 2 1 .
O and 41 a r e p o l a r a n g l e s o f t h e d i r e c t i o n of t h e e f f e c t i v e m a g n e t i c f i e l d Heff r e s p e c t i v e t o t h e p r i nc i p a l a x e s system o f t h e EFG. The v a l u e s s i n 2 8 , cos2@ and eQVzz can b e c a l c u l a t e d u n i q u e l y a s funct i o n s of I) and t h e s i g n o f eQVZZ. These p a r a m e t e r s system c a n be l o c a t e d from t h r e e measurements w i t h d i f f e r e n t o r i e n t a t i o n s of t h e c r y s t a l . The r e s u l t s a r e i n d e t a i l : asymmetry p a r a m e t e r ~l = 0.4 f 0 . 1 , 
W e c a l c u l a t e d t h e Mgssbauer s p e c t r a of t h i s low s p i n compounds w i t h t h e wave f u n c t i o n s and t h e energy l e v e l s which were o b t a i n e d from t h e magnetic d a t a and took t h e same method t h a t O o s t e r h u i s and Lang made u s e of t o p r e d i c t ~G s s b a u e r s p e c t r a of K,Fe(CN),
1141. I n t h e f i g u r e ( r i g h t ) , t h e s o l i d l i n e s show t h e c a l c u l a t e d Xsssbauer s p e c t r a . I t was found t h a t t h e wave f u n c t i o n s and t h e e n e r g y l e v e l s o b t a i n e d from EPR were w e l l f i t t e d t o t h e Msssbauer s p e c t r a a p a r t from t h e d e t a i l s .
